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Abstract
The analysis of slope stability or a slope is a complex problem that requires careful reflection and common sense.
In effect because of the diversity of sites and especially their heterogeneity, each case is unique, the stability check is done by
studying the general failure along the slip surface that is superficial, shallow, deep or very deep by conventional methods found
in the literature such as the Bishop method, Jumbu, Fellenius etc. ... based on the determination of global minimum factor of
safety.
In this paper, we propose a mechanical model for calculating the failure along the sliding surface based on the kinematic method
of rigid solids (Limit analysis).
The statistical-probabilistic concept of safety is a very useful tool for comparison because it reflects the dispersion of random
parameters (geometry, intrinsic characteristics of the soil load, etc. ...) will be applied to this model, the reliability of the system
will expressed using the reliability index.
The introduction of the concept of reliability index Geotechnical is a valuable tool capable of giving the engineer a greater
objectivity in the design of slopes.
We determine the critical slopes and the corresponding costs from the state equation R-S = 0 limit of the present mechanism.
Finally recommendations will be given for modeling the failure along the sliding surface [10].
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1. Introduction
The analysis of the stability of a talus or a slope is a complex problem that requires  of a good sense,
caused by the diversity of the sites and mainly because of the heterogeneity.
The object of this article is to present in first part an analysis of the failure all along the surface of slippery of the
banks to surmount of a load uniformly spread, based on the theory of the kinematic of the rigid solids (limit
analysis) [2,3]
 The applications of the kinematic method of the rigid solids at the modelizattion of the mechanisms of the
failures imply a translation of the bank if this last is formed of solid.
7KHV\VWHPVHFXULW\LVH[SUHVVHGWKURXJKWKHLQGH[ILDELOL\ȕFDOFXODWHGZLWKWKHWKHRU\RIWKHILUVWRUGHU>@7KH
equations formulation of limit state is done by studying the vertical and horizontal forces of each solid separately.
For more details see [4]
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Solving this integral is done with several methods namely theory of reliability of the first order and the safety
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7RGHWHUPLQHWKHVDIHW\LQGH[ȕDOOQRQ-normal random variables (here R and S) must be transformed from the
original plan into standardized normal distribution plan P ı 7KHWUDQVIRUPDWLRQLVGRQHZLWKDSSURSULDWH
mathematical procedures (see literature cited above). The standardized coordinates are as follows:
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And the probability density is equal:
1 SR     (5)
There is a mathematical relationship between the failure probability Pf DQG WKH VDIHW\ LQGH[ ȕZKLFK LV
based on the statistical-probabilistic safety concept[8]:
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Table 1 : Statistical data of the basic variables and partial factor of safety
Basic variable Midle value Coefficient of
variation
Distribution Partial
factor of safety
)ULFWLRQDQJOHĳ>@ 20 – 40 7.5% Log - normale 1.25
Cohésion
F¶>.1Pð@
35 – 0 25% Log - normale 1.60
Surcharge P
[KN/m²]
10 40% Extrême 1.30
Poids spécifique Ȗ
[KN/m3]
20 5% Normale 1.00
2. Kinematic method principle
Several works of retaining walls and foundation are shown (L.Belabed.2000) that the failure mechanisms based
on the kinematics theory  of rigid bodies (Limit analysis better reflects the actual collapse by the latter theory, a
failure mechanism is constituted by several rigid solids slip planes along the slope[9].
The application of the kinematics method of rigid solids to failure mechanisms modeling involves a translation of
ground parts along the slope for more details on this theory see (L. Belabed. 1995 G. Gabler, 1982) .
The problem will be approached for cohesive soils having a friction angle. The steps followed for the
establishment of mechanical models are:
Taking into account the shear resistance and cohesive forces along the secondary slip surfaces making the security
measures of the system correctly operated, the method is based on two principles
1. The principle of kinematic compatibility of potential failure mechanisms.
2. The principle of minimum safety through the variation of the slip surface geometry for every possible failure
mechanism of a system (the critical failure mechanism intended) with the most dangerous slip surface, this is done
in several stages[11].
7KHJURXSLQJ of all possible failure mechanisms.
The establishment of boundaries state equations
The variation of inclination of the sliding surfaces of solids.
The choice for the mechanism most unstable.
(DIN 1054.100) published by the German Institute for Standardization (DIN) and the Euro Code 7.
3.  Model study
3.1 Mechanism at two solids
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Figure 1: Mechanism at two solids
+RPRJHQHRXV VRLO EDVHG RQ D IULFWLRQDO VRLO /DFN RI DTXLIHU ȕ¶      +   P Ȗ   .1P ș 
ș Ȇ ĳ¶&¶L F¶/LL QF/LVOLSOHQJWK3 T%TXQLIRUPRYHUORDG%ZLGWKRIWKHRYHUORDG3
varies from 10  to 100 KN /m² with a pitch of 10.
șș  sliding surface inclination of the solid 1and 2 compared to the horizontal.
ĳ’ Angle of internal friction of soil
%ZLGWK of the overload
The effect of the overload depends mainly of the following conditions:
,Ișĳ¶7KHHIIHFWRIWKHRYHUORDGLVQHJOLJLEOH
,Iș!ĳ¶,WWDNHVDFFRXQWRIWKHRYHUORDG
ȕ’șĳ¶
Following the findings on real slope failures, theoretical studies and field observations, we decided to treat (07)
models:
In this paper, we present (01) mechanical model that is part of a general search on the topic (thesis).
Table of variation of &¶ and ĳ’ values:
3.2 Isolated Solid 1:
To determine the expression and then the intersolid force Q12 value, we isolate the solid 1 as showed in the
figure below:
)ULFWLRQDQJOHĳ¶>@ 40 35 30 25 20
&RKHVLRQ&¶>.1 /m²] 0 5 10 20 30
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Figure 2 : Isolated Solid 1.
The projection of the horizontal forces gives:
0)'cos()'sin(cos'cos' 121211121211   QQCCF H
(7)
The projection of the horizontal forces gives:
0)'cos()'cos(sin'sin' 1212111121211   QQqBWCCF V
(8)
From the equation (8) we have Q1 :
)]()'cos(sin'sin'[)'cos(
1
11212121211
1
1 qBWQCCQ   (9)
We replace Q1 in the equation (7),  we obtain Q12:
)]'sin()()'cos(''cos'[)'2sin(
1
11121121
21
12 


 WqBCCQ
(10)
The active force Q12 represents the effect of the solid (1) over the solid (2):
3.2 isolated solid 2:
  To determine the force Q2 due to solid (2), we isolate the solid (2):
Figure 3: Isolated Solid 2.
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The projection of the horizontal forces gives:
0)'sin()'sin(cos'cos' 121222121222   QQCCF H (11)
The projection of the horizontal forces gives:
  0)'cos()'cos(sin'sin' 2121222221212 WQQCCF V  (12)
We obtain Q 2 from the equation (11).
            (13)
We replace Q2, and Q12 in equation (12) and after some algebraic transformations we obtain the general
equation of limit equilibrium R-S=0 of the mechanism:
0)'sin()'sin()(
)'cos(''cos''cos'
22111
11212211




wmqBw
CCmCSR
     (14)
with :
))'2sin(
)'2sin(
121
212
1 



m                  (15)
$SURJUDPXQGHU'HOSKLZDVGHYHORSHGLQRUGHUWRGHWHUPLQHWKHFULWLFDODQJOHș and other parameters that
satisfie the equation R -6  WDNLQJ LQWRDFFRXQW WKHVSDWLDOYDULDELOLW\RISDUDPHWHUVF ¶DQGĳ¶DFFRUGLQJ WR WKH
following table:
4. Results and Interpretation:
7KHVWDWHOLPLWLVREWDLQHGIRUFHUWDLQFKDUJHVDQGFHUWDLQFRXSOHVF¶ĳ¶2QO\YDOXHV5-S) smaller or equal to 5.
 )RU D VORSH LQFOLQDWLRQ DERXW ȕ ¶    D KHLJKW RI VORSH H P D VRLO YROXPHZHLJKW Ȗ¶    N1P3, the
LQFOLQDWLRQșRIVROLG ʌĳ¶YDU\LQJLQIXQFWLRQRIĳ¶DQGLQWKLVFDVHHTXDOWRWKHLQFOLQDWLRQșRI
solid 2 = 35 °, the overload p= 20 kN/m2, the cohesion c' = 30 kN/m2, the internal friction angle of soil ĳ¶= 20 °, the
overload width B = 1.13m, R = 93.75 and S = 93.36.
4.1. Failure Mechanism of the model
)]'sin(cos'cos'[)'sin(
1
1212121222
2
2 


 QCCQ
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Figure 3: Evolution of the failure mechanism
5. Stochastic model:
The retained hypothesis is reflected in the following table. To calculate the reliability index, we have used a
German program named « Zuvan » developed in Weimar University
Table n°03: Reliability Index
&RXSOH>&¶ ĳ¶@ 0-40 5-35 10-30 20-25 30-20
ȕ 4.67 4.91 4.74 4.70 4.21
Pf 1.44 10-6 4.48 10-7 1.06 10-7 1.24 10-6 1.26 10-5
6-Interpretation:
7KHYDULDWLRQRIUHOLDELOLW\LQGH[ȕ according toF¶DQGĳ'), reached its maximum around the pairs (5 / 35) and
then decreases until it reaches its minimum around the couple (30/20) which correspond to the critical inclination
JHQHUDWHGE\DSSO\LQJWKHNLQHPDWLFPHWKRGRIULJLGVROLGVVRWKHUHOLDELOLW\FRHIILFLHQWȕSURYLGHV very interesting
information about the limit steady-state of the system.
7.  Conclusion
In this work we have tried a new approach by applying to landslides:
The theory of kinematic model of rigid solids, which reflects the slip reality and gives realistic results.
A correct modeling of failure mechanisms is ensured only with the kinematic method compared to other
conventional methods because it allows one side a correct use of resistance (soil shear resistance on the slop surfaces
and cohesion forces developed in the same places).
By setting the inclination of the solid (2) according to the flare theory, we arrive to find the inclination of the thrust
force corresponding to the same theory in his critical condition.
The failure mechanisms of this theory change in volume of soil and are sensitive to the cohesion term whose
resistance depends.
The disadvantage of the method is the introduction of functions whose complexity increases with the increase of
number of solids to take in charge.
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The results become more reliable by considering several mechanisms of the same type and with a different
number of rigid bodies.
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